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= 1. How many distinguishable
ggréﬁl\lc'ggAL intellectual abilities must a theory of
intelligence posit? How are these

SCANDINAVIAN RESEARCH ON OLD AND HNEW
QUESTIONS IN COGNITIVE DIFFERENTIAL
PSYCHOLOGY

by PRichard E. Snow. Dr. Snow 1is the
Liatson Scientist for Psychology 1in
Europe and the Middle Zast for the
Offtce of Naval Research's London Branch
Office. He 18 on leave until September
1985 from Stanford University, where he
is Professor of Education and Psycho-
logy.

Poor Kinnebrook was fired from his
job at the Greenwich Observatory in 1796
because his astronomical measurements
did not agree with those of his supe-
rior. Only later was it recognized that
individual differences in reaction time
represent an important fact about human
information processing rather than
sinmply an annoying source of error or a
sign of sloth.

Scientific interest in individual
differences in ability can be traced
from that event, although the program-
matic research that built the discipline
of differential psychology did not begin
in earnest until the 1860s with Galton's
studies in England, Wundt's experiments
in Leipzig in the 1880s, J. McKeen
Cattell's importation of this work to
the US in the 1890's, Binet's invention
of a practical intelligence scale in
Paris at the turn of the century, and
Terman's subsequent translation of that
to US research. Galton's and Binet's
lines of work persist today on both
sides of the Atlantic (see ESN 38-2:63~
66 [1984); Eysenck, forthcoming). And
both the basic and the applied science
of mental testing are frequently in the
courts and the news today, as well as in
the Jjournals. While it is recognized
that mental testing technology is psy-
chology's most important practical con-
tribution to society to date, it is also
clear that the substantive theory of
differential psychology has lagged far
behind the practice. A selection test
used to accept or reject applicants for
Kinnebrook's job can now be proved valid
for that purpose in a technical sense,
but the psychology of that validity is
still not well understood, and the
sociology of it is still well beyond the
perception of many psychologists.

In this century, the basic research
questions for cognitive differential
psychology can be grouped into three
sets:

229

abilities to be interrelated, organized,
and interpreted within some kind of
general structure or taxonomy?

2. How can we understand intellec-
tual abilities in transaction with the
experiences of learning, problem solv-
ing, and performing in complex task
environments over the course of educa-
tional and occupational development?
What are the social, educational, and
occupational implications of this
transaction?

3. How can an integrated process
theory of the human cognitive system be
constructed that accounts for the
details of ability differences and their
development? How can training, instruc-
tional, and job performance tasks be
designed to adapt, and to adapt to, this
cognitive system?

Although the high points of interest for
each set of questions correspond roughly
to the first half, middle half, and last
half of the present century, respective-
ly, none of these questions has
yet been fully answered by the research
to date,

The bulk of the research on all
these questions has come from the
English-speaking parts of the world,
with some notable work also from Dutch-,
French-, and German-speaking investiga-
tors. But Scandinavian psychologists
and educational researchers, though
relatively few in number, have also made
and continue to make signal contribu-
tions, though these are often not given
wide or timely recognition, particularly
in the US. One might say that the
Scandinavians got into differential
psychology on the late side. Though
some important early contributions dealt
with aspects of the first set of ques-
tions above (e.g., Ahmavaara, Werdelin),
the bulk of the older important work
concentrated on the second set (see,
e.g., the studies of HArnqvist,
Heinonen, Husén). But one must also say
that, coming late, they have stuck close
to the foundations of the discipline,
particularly its mathematical-statisti-
cal foundations, and have made substan-
tial improvements in it (e.g., the works
of J&reskog, Rasch, and@ Soérbom are
especially notable).

The present article must leave
aside the  history of Scandinavian
contributions to differential psycho-
logy, to concentrate instead on selec-
tions from important new work pertaining
to questions in each of the three sets
noted above, It is thus perhaps a
representative review, but hardly a
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Figure 1. The Vernon hierarchy of ability organization.

comprehensive review, even of current
work.

Distinguishable Abilities

The first set of questions remains
important because structural models of
ability organization and the identifica-
tion within them of the abilities that
deserve distinction provides the frame-
work for research on questions in the
other two sets, as well as a guide for
the design of multiple aptitude bat-
teries for practical purposes. Espe-~
cially with the computerization of such
batteries now under way, a solid justi-
fiable framework is sorely needed. The
problem has traditionally been addressed
using the statistical methods referred
to generically as factor analysis.
Separable factors in the «correlation
matrices for mental tests identify
separable underlying hypothetical
ability constructs.

The British factor analytic tradi-
tion began with Spearman's g theory: a
general intelligence factor can be found
underlying all ability tests; any test
performance is a function of g plus a
specific factor, s;, unique to each
test. There are thus as many specific
factors as there are tests; but g is
seen as the essential, and largely
inherited, ability--it is the mental
"energy"® of the cognitive system, while
the specific factors are the myriad
mental "engines"” through which it
operates. But the British tradition
soon incorporated the Galton-Burt
notions of a hierarchical structure,
perhaps reflecting neural differentia-
tion. It also ‘heeded, without fully
adopting, Thomson's 1looser and less
physicalistic interpretation of test

performances as mainly providing samples
of the multitude of mental operations
(then called "stimulus-response bonds")
that are built up in the cognitive
system through a person's learning
history. Factors thus provide classifi-
cation principles for grouping tests
that draw similar samplings, but they do
not necessarily identify distingquishable
underlying unities or "vectors®" of mind;
g nonetheless is the general underlying
cause of it all. The hierarchical model
provided by Vernon is the most widely
accepted version of the British hier-
archy (see Figure 1). Spearman's g
stands at the top, with major group
factors representing the broad distinc-
tion between verbal-educational tests
(v:ed) and spatial-mechanical tests
(k:m) next; various minor group factors
such as verbal comprehension (v},
numerical ability (N), inductive reason-
ing (I}, spatial orientation (S), and
perceptual speed (P) next; and specific
factors at the bottom.

The US tradition concentrated on
the minor group level elaborating
through the work of Thurstone, then
Guilford, and many others, a long list
of primary abilities which were inter-
preted as distinct underlying functional
unities or dimensions of mind. The
extreme of this position, Guilford's
Structure of Intellect model, posits
over 120 orthogonal abilities at the
minor group level without hierarchical
groupings. Although regarded as a good
search model--that is, an aid in hypoth-
esizing about ability distinctions that
may turn out to be useful--as a theory
it is now widely criticized as overly
differentiated, subjective, and chancy.
Among the more substantial empirical
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Figure 2. The Cattell~Horn hierarchy of ability organization.

criticisms of the Guilford model is the
work of the HNorwegian, Undheim (see
Undheim and Horn, 1977; Undheim, 1979).
He and others have shown convincingly
that the Guilford model stands on a
crumbly foundation.

It is now widely accepted that some
form of hierarchical model works best
for both theory and practice. But what
hierarchy? R.B. Cattell, an Englishman
turned American, contributed an attrac-
tive alternative to the British hier-
archy now called the Cattell-Horn theory
of £luid and crystallized intelligence
{see Figure 2). It posits three major
kinds of general intelligence: Gg, for
fluid abstract-analytic reasoning abil-
ity; G., for crystallized intelligence
derived from the investment of G; in
meaningful learning, particularly verbal
and mathematical school 1learning; and

Gy, for spatial visualization ability.
Beneath these are the lower-order
abilities of Thurstone and Guilford.

Above them is what Cattell would prefer
to call historical G¢, not Spearman's g,
because the G¢G., distinction is seen as
a splitting of g. Provision 1is also
made for the identification of gome
other general functions--G, for general
auditory perceptual ability, for exam-
ple--as research continues. The Cattell-
Horn hierarchy has lately come to the
fore in US work, and it is increasingly
used to guide current information
processing research aimed at the ques-
tions of the third category.

Some recent Scandinavian studies by
Undheim (198la) and by Leino (1981) in
Pinland also show the Cattell-~Horn
framework, at least in broad outline.
But Undheim (1981b, 1981d) has now
advanced a reinterpretation of the GG,

231

theory he calls a neo-Spearman view;
G¢ = g and G. should be more narrowly
interpreted as the accumulation of
verbal-education skills, strategies, and
knowledge. He has reported his own data
and reanalyses of Cattell-Horn data to
support this view. He rejects, however,
the Spearman and Cattell interpretations
of g or G; that posit some kind of
neuropsychological or neogenetic energy,
power, or capacity. Instead, the
Thomson sampling theory (as currently
interpreted in US research by Humphreys)
is used by Undheim to arqgue that intel-
ligence is achievement, not definable
apart from its acquisition in a sur-
rounding social-cultural context.
Meanwhile in Sweden, Gustafsson
(1982a, 1983; Gustafsson, Lindstrdm, and
BjSrck-Kkesson, 1981) has come independ-
ently to the view that g = G¢ and has
taken the important further step of
demonstrating this with the most general
and powerful statistical method now
available for the purpose--the LISREL
method developed by his countrymen,
Jéreskog and Sérbom (1978, 1981),
Unlike the many earlier factor-analytic

methods-~which were good only for
exploratory, hypothesis-generating
purposes and involved = many method-

specific complications--LISREL provides
a confirmatory method of estimating and
testing alternative factor models, using
maximum likelihood procedures. It allows
hierarchical models and combines factor
analysis with path-analytic techniques.
Applying the method both to Undheim's
data and to a large data set of his own,
Gustafsson shows clearly that g is the
same as Gg, which in turn is also
essentially the same as I (the Thurstone
inductive reasoning ability at the minor
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Figure 3. The Gustafsson-Undheim hierarchy of ability organization.

group level). He thus reaches a unique
kind of parsimony and undercuts some US
attempts to interpret the three as
different in process terms.

Figure 3 shows Gustafsson's result,
which is essentially the same as
Vernon's hierarchy of Figure 1. Note
that the interpretation of the major
factors in the two cases may be slightly
different because the methods used by
the British and by Gustafsson distribute
variance a bit differently. The most
compelling conclusion for the present,
however, is that Vernon was essentially
correct.

There is a methodological message
also in adopting the Vernon-Gustafsson
hierarchical model. For several years,
some US investigators have recommended
simplifying and orthogonalizing aptitude
dimensions for various research purposes
by taking a G principal component and
then a bipolar G.~G, factor to contrast
the two main classes of special abili-
ties. The Gustafsson results now
justify this practice on new substantive
as well as methodological grounds, and a
good example of the value of this
practice in further research is given in
the next section. The results argue
against using other kinds of contrasts,
such as G.-G¢, except for the rather
special purpose of examining the spe-
cific verbal knowledge component of G,
that is left over when G variance is
extracted from it; G.-G; is clearly not
the same contrast as G.~G,.

Intellectual Development

A vast literature demonstrates that
intelligence measures administered at
one point in time predict educational
and occupational achjevements at later

232

points in time. Causal networks for
these relationships have also Dbeen
developed and substantiated. But those
supporting the Cattell-Horn theory of Gg
as prior to G. in cognitive development
have now been questioned by other
Undheim studies (1981lc). He argues from
these data that G precedes both and that
the evidence supporting the hypothesis
of G; investment in G, is due to the
verbal knowledge component of G, only,
and to the interest and motivational
aspects of G that are involved in
acquiring it.

The research on intellectual
development in hand, including the
Undheim work just cited, has mostly been
conducted on children and high school
students. The transactive relationship
of educational and occupational experi-
ences through young adulthood has long
been a matter of doubt and dispute,
enlightened by rather 1little data.
Rarly Swedish studies by Husén (1948,
1950) and Hdrngvist (1959, 1968) sug-
gested that the longer the educational
experience, or the higher the level of
educational experience reached, the more
positive change in G measures could be
observed. Higher social class and
certain regional factors contributed to
intellectual development, too-~probably
by influencing the quantity and quality
of educational experience gained both at
school and outside it. But the methods
used were open to some criticisms, and
occupational effects on intelligence
could not be investigated in the early
Swedish work in any event, nor anywhere
else for the most part.

However, HArnqgvist's research was
conducted within a longitudinal project,
following a 10-percent sample of all
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Swedish males born in 1948 and 1953,
Test, gquestionnaire, and performance
data were collected when the samples
reached 13 and 18 years of age, but also
when they entered military service and
again in 1980. During the period of
study also, the Swedish schools were
reorganized, changing from a more
selective, streamed system to a compre-
hensive system with delayed selection.
This afforded educational-experience
comparisons reflecting both 1level of
education and type of educational
emphasis-~verbal-theoretical versus
spatial~-technical.

A report by Balke-Aurell (1982) now
summarizes the past research on these
samples and provides new analyses with
several important implications regarding
cognitive development. Consistent with
the Vernon hierarchy (of Figqgure 1) and
thus with the Gustafsson-Undheim hier-
archy (of Figure 3), Balke-Aurell first
formed two factors--one for G and the
other for the bipolar contrast G .-G,.
She then was able to demonstrate, using
a combination of multiple regression
techniques and the path-analytic fea-
tures of LISREL that the higher the
educational level the more positive the
change in G. In addition, Balke-Aurell
found that, especially among the sample
remaining in school to age 18, those
pursuing lines of education with a
predominantly verbal emphasis show more
change toward the G, end of the bipolar
factor, whereas those pursuing more
technical lines of education show more
change toward the G, end of the bipolar
factor.

The results with respect to the
relative verbal versus technical empha-
sis of occupational experience were less
clear but ran in a similar direction:
occupational work demanding verbal
functioning results in verbal develop-
ment; work demanding spatial~technical
functioning results in spatial-technical
development. It is difficult to sepa-
rate in these patterns, however, differ-
ences in occupational experiences and
differences in the educational experi-
ences that preceded them. There are
also indications in the data that
spatial-technical experience is more
concentrated and thus provides more spe-
cialized <change in ability, whereas
verbal experience is more pervasive,
affecting persons in both 1lines of
educational and occupational emphasis,
which results in less verbal difference
between persons pursuing either 1line,
Finally, evidence was ©presented to
suggest that social class differences
act indirectly by influencing education-~
al level rather than directly on G
development.

The Swedish longitudinal study
continues to support other important
studies relating intellectual develop-~
ment and higher educational attainment
to social and econnmic as well as educa-
tional and occupational variables. Only
a few such studies are added in here to
show the potential of the project.
Readers interested in this line of work
can expect much more to come.

One analysis, by Gustafsson and
Svensson (1982), both <clarifies and
complicates the Confluence Model of
family size and birth order influences
on intellectual development that has
been of great interest in the US in
recent years (Zajonc, Markus, and
Markus, 1979). In brief, that theory
states that, w’ in a family, the
intellectual grc: «f offspring will be
a function of ! average of parents',

siblings', and ~ir own intelligence
(represented on 1 absolute scale). As
persons enter leave the family

intellectual e ‘~nment, the average
intellectual 1le :1 £ that environment
changes-~-increas as there are fewer
or more spaced offspring, and decreasing
as adults or mature offspring depart or
new offspring are added, particularly if
these new arrivals are closely spaced in
age. The nmodel thus predicts lower
intellectual performance for offspring
in larger families~--especially for those
standing 1lower in the birth order.
Special positive effects are also
predicted when older siblings teach
younger siblings; thus only-children and
twins are ©predicted to show lower
intelligence, on average, than the
oldest of two siblings or the first two
nontwin siblings, respectively. The
model has been shown to fit many large
data sets now in hand.

The Gustafsson-Svensson study also
uses a large data set. Furthermore, it
includes a family socioeconomic status
index, a multivarate conception of
intelligence reflecting the major group
distinctions of Figure 3 (although tests
rather than factors were analyzed), and
uses more sophisticated analytic tech-

niques than has previous work. It also
offers, incidentally, an excellent
technical comparison of alternative

methods for studying the complex inter-
actions--including curvilinear and
higher order interactions--often expect-
ed in behavioral science but rarely
tested. Even with the Dbirth-order
aspect of the model disregarded, several
results are striking.

First, socioeconomic status (SES)
had a strong effect on G. abilities but
not on nonverbal abilities, and the
trend was curvilinear--i.e., higher
socioeconomic levels showed even more
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advantage over lower socioeconomic
levels than would be predicted by a
linear relation between SES and ability.
The SES index used here reflected both
educational level and occupational
status ofi the family. Second, the
relation between number of siblings in a
family and G. variables was linear and
neqative; for nonverbal abilities it was
curvilinear such that higher ability
scores were obtained for intermediate
size families, The Confluence Model's
indication of special handicaps for
only-children and last-born children may
thus apply to nonverbal abilities,
because the special~teacher function
hypothesized in the model may operate
especially between older and younger
siblings in two- or three-sib families
in the spatial manipulatory and mechani-
cal domain rather than in the verbal
domain. In the latter, parents may be
the primary teachers so there is no
handicap for only children here. Third,
there was consistent interaction between
SES and family size in predicting
ability scores, and this 1is not a
prediction of the theory. It is a
reasonable effect, however, since large
family size could be expected to have
less negative effect in high-SES than in
low-SES families, especially if higher
SES brings a higher quality of intellec-
tual interaction between children and
parents or other adults--such as teach-
ers, service pecple, and representatives
of other socializing agencies. The
conclusion, at any rate, is that the
Confluence Model applies well to lower
SES families but less well to higher SES
families. Fourth, data on entrance int-
o and graduation from higher education
were also analyzed; family size related
positively to these wvariables among
higher SES families (a finding inconsis-
tent with the Confluence Model) but
negatively to these variables (as
expected) among lower SES families. The
interaction can perhaps be accounted
for, however, if the economic environ-
ment of the family can be brought into

the model. Finally, when the data were
analyzed with respect to higher-order
interactions involving sibling gender,

it was found that males showed a partic-
ularly strong advantage in spatial
ability if they came from a high SES,
low-sib-size family. Perhaps a larger
number of siblings in a family reduces
the effect of differential socialization
practices related to the development of
spatial ability.

Some other related studies based on
the longitudinal project have also been
able to show that access to and accom-
plishment in higher education can be
a function of personal, social, and

institutional factors. Svensson (1979)
divided the project sample into 10
intelligence levels and five socioeco-
nomic levels within each of these. It
was clear that, within intelligence
levels, college attendance and comple-
tion still depended heavily on social

class. The data suggested that social
class and intelligence interact to
predict college starts, and do s0

somewhat differently to predict college
completions. But the analyses were not
geared, in this report at least, to test
such interactions. Ambition, or motiva-
tion to achieve, was also estimated by
comparing intelligence and achievement
scores; the implication was that stu-
dents of all social groups who completed
a higher education degree were especial-
ly those whose educational achievement
by age 13 exceeded what would have been
predicted on the basis of their intelli-
gence scores at that age. Reuterberg
and Svensson (1983) have shown further
that the social class bias in higher
education attendance and completion is
substantially reduced by the existence
of the national financial aid system now
operating in Sweden.

Process Analyses of Ability Differences

The hottest topic in recent years
in US differential psychology has been
the construction of cognitive process
models of ability differences. The US
Office of Naval Research has supported
some of the best of this work; there
have been several productive lines of
study and many interesting findings.
The questions 1in this set have been
op~ned up by this effort, but hardly
answered at this early date. The
Scandinavians have also now contributed.

Leino's (1981) work has sought to
identify processing activities and
strategies in mathematics problem
solving, using think-aloud methods, with
Finnish school students. Included in
the study were several minor group-
ability factors previously found related
to mathematics achievement, and also
attitude and achievement measures. The
process measures reflected differences
in obtaining information from the
problems (e.g., perceiving given facts
and figures, seeing embedded geometric
cues, grasping the formal structure of
the problem); processing <information
(e.g., using trial-and-error methods,
using particular notation and forming
equations, drawing inferences, changing
direction or curtailing reasoning,
making figures as an aid); and retaining
and recaqlling information (e.g., recall-
ing terminology, formulas, and problem

types).
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Correlational and path analyses
showed substantial relationships among
ability, process, and achievement
variables. Of particular interest were
the ability-process results which Leino
interpreted as corresponding to some of
Carroll's (1976) hypotheses. He was
able to show that some ability distinc-
tions seem to reflect process differ-
ences. Measures of deductive reasoning
ability related to processing time and
curtailing reasoning in the think-aloud
protocols, for example; whereas induc-
tive reasoning ability related more to
drawing inferences, forming generali-
zations, and changing direction in
problem solving. Fast perceiving of
embedded geometric information was
related more to spatial visualization
ability than to spatial relations
ability. The correlations for verbal
ability were 1low, with no relation to
processing time, in contradiction to
some previous results.

Comparisons between good, average,
and poor achievers suggested that good
achievers on average show higher abilitv
in general but particularly in deductive
reasoning and numerical ability; they
work rapidly, seldom using trial-and-
error or drawing methods. The profiles
of these students, however, indicated
two different types of mathematically
capable individuals, characterized as
geometric versus analytic types, and
this distinction has also appeared in
Russian research on mathematical abili-
ties. In contrast, poor achievers--
though not 1low in all abilities--did
show notable deficiencies in inductive
reasoning and visual-spatial abilities;
their think-aloud protocols suggested
particular inability to discover the
macrostructure of problems or to analyze
problems by forming equations or drawing
figures. Although the sample used here
was small, Leino's research is continu-
ing to follow these leads in further
studies designed also to investigate
ways to help students monitor their own
cognitive operations in problem solving.

Fcllowing several earlier studies,
Gustafsson (1982b) has also conducted
new work that contributes to process
analyses, particularly of the distinc-
tion between verbal and visualization
abilities in reading and listening. He
also provides an excellent demonstration
of how to use LISREL methods to study
aptitude-instructional treatment inter-
actions.

His instructional treatments
contrasted reading versus listening to
material on heart function and blood
circulation, crossed with illustrated
versus nonillustrated presentation.
Learning-outcome measures also distin-

guished verbal versus pictorial pertorm-
ance, and separated out for special
attention verbal performance on material
thought to be particularly spatially
demanding. The theoretical framework
available from previous research would
predict that the processes involved in
reading and in visualization should be
incompatible, either because both are
visual processes competing for the same
information processing resources and so
cannot be performed simultaneously, or
because reading forces automatic verbal
processing that interferes with the
organization of internal spatial repre-
sentations. Listening to instructions
rather than reading them should avoid
this incompatibility or reduce the
interference, though it may introduce
other demands.

The results were partly consistent
with the initial framework; reading was
found superior to listening for verbal
learning, but it adversely affected
performance requiring pictorial inter-
pretation. Also, high G, ability was
required in illustrated treatments if
the learning of illustrations was
important for criterion performance.
However, the relation of G ability
differences to learning was stronger
with listening than with reading,
particularly on pictorial outcome
measures. This was interpreted to mean
that the sequencing and interrelating of
processes required in instruction that
combines auditory-verbal and visual-
pictorial information places a process-
ing burden on 1learners that only the
higher G students can meet.

Interpretation was further compli-
cated because results were dramatically
different for males and females. And it
was the females that produced most of
the complex interactions. Using previ-
ous research on cerebral hemispheric
lateralization in males and females as
well as the performance results here,
Gustafsson proposes a formulation that
deserves further research in its own
right, as well as attention by other
researchers who tend to mix genders
indiscriminately 1in cognitive process
analyses of individual differences.

It is usually assumed that for most
persons (at least, right-handed persons)
verbal~logical processes are localized
in the left cerebral hemisphere, whereas
holistic-spatial processes are localized
in the right cerebral hemisphere. Some
studies also suggest that females may be
less lateralized with respect to these
functions than males. Gustafsson's
hypothesis (and it is consistent with
some other work) is that females are
more heterogeneous than males with
respect to lateralization; some females
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are as conmpletely lateralized as males
are usually shown to be, whereas others
are much less lateralized and thus tend
to perform both visual and verba’ tasks
using the verbal-logical proces.es of
the left hemisphere. Also, degree of
lateralization among females is posi-
tively associated with performance on G
and G, ability measures. Thus, learning
that requires audio-visual processing
requires both efficient lateralized
processing and coordiaation of the two
types of processing. G and G, ability
measures will thus predict achievement
especially for females. Pure reading
treatments, or other tasks that can be
approached with purely verbal process-
ing, may show stronger ability-learning
relations for males; they should show
less ability-learning relation for
females.

Summary and Implications

What messages are
research, and particularly for Navy-
related research, in all chis? I draw
10 such messages; these are admittedly
shaped and embroidered by my own theo-
retical preferences and speculations,
and by the results of other recent
research, including my own, not expli-
cated here,

there for US

1. Cognitive differential psycho-
logy still has a lot of work to do.
Work in this field progresses in Scandi-
navia, and US investigators should pay
attention to it.

2. LISREL programs and the litera-
ture pertaining to them should be
obtained, studied, and applied widely in
US research. LISREL provides the power
to find convergence in the diverse
findings that have plagued us.

3. The implications of the Vernon-
Gustafsson-Undheim hierarchical model of
ability organization should be carefully
considered in process-analytic research;
in the conduct of data analyses for a
variety of instructional, developmental,
and training evaluation studies; and in
the design of aptitude assessment
batteries for use in practice, In
particular, analytic experiments, data
analyses, and computerized adaptive test
batteries now under construction should
be focused primarily on distinguishing

and explaining the Gx(G.-G,) aptitude
space.
4. Process-analytic research, in

particular, should be addressed to the
hypothesis that G=G¢=I, and to the
explanation of how G interacts with
special abilities to produce any kind of
test performance. An adequate theory of
intelligence is unlikely without this,

5. In this c¢onnection, the sam-
pling theory of intellectual task
performance deserves much more atten-
tion. In US research, it 1is apparent
only in Humphrey's work (see, e.g.,
1981) and in my own (see, e.g., Snow,
Kyllonen, and Marshalek, in press). Yet
it should ultimately prove more adapta-
ble than other views to both the theo-
retical and the practical needs of
aptitude theorv (see Snow, 1983).
Certainly in applied work it is the case
that, given a reasonable job analysis
and criterion measure, one samples from
the commonwealth of knowledge about
individual differences to identify tasks
that one thinks sample skills close to
those critical for job success; predic-
tive validity proves the success of this
sampling. The theory should follow and
explain this tried and true practice.

6. Cognitive developmental re-
search among children and adolescents
had better consider both the Cattell-
Horn and Vernon-Gustafsson-Undhein
models in collecting and analyzing data.
Some significant distinctions between
these models may well be found here.
The Confluence Model also deserves study
in the same context; G. and G, develop-
ment may be differentiated in part by
sibling experiences. And indices of
family organization may be predictive of
performan-es in early adulthood.

7. Cognitive developmental re-
search among late adolescents and young
adults had better be ignored no longer.
For military, educational, and industri-
al purposes, it is important that we
understand the extent to which educa-
tional and occupational experiences
shape and develop ability organization.
The evidence in hand suggests that it
does s0 by specializing abilities
already manifest; abilities long unused
in a specialty, however, may atrophy.
On the other hand, too rapid a shift
from one specialty to another may
produce development in no abilities,
There seems to be no research on mili-
tary specialization from this point of
view.

8. Neither has there been research
on the social effects of selection on
ability or of the effects of educational
and occupational choices on differential
ability development. There is a talent
pool--a collective intellect--in a
society that is influenced by all this.

There are social class and economic
effects that may interact to produce
different ability organizations at

different educational levels and thus at
different social-class levels. When one
selects military officers at a particu-
lar level, what other average strengths
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and weaknesses is one selecting? Career
choice and career development at and
from different age, ability, and socio-
economic levels 1is not well understood
at present.

9. Gender differences are not just
group differences on average; there are
individual differences within groups,
and these may relate to family configu-
ration, such as number of siblings or
birth order; neuropsychological organi-
zational variables, such as degree of
hemispheric lateralization; and many
other variables. Simple average compar-
isons of males and females are short-

sighted, but so are routine analyses
that 1ignore gender differences; there
may be fundamental differences in

ability organization among significant
subgroups of each gender group.

10. Instructional and problem-
solving research benefits from descrip-
tion of the processes, activities, and
strategies used by learners during
learning and problem solving. These may
reflect the manifestations of ability
differences rather than a distinct
category of underlying variables.
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